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The considerations in determining the trajectories of a water 
droplet in the airflow about a y are discussed, the problem is 
divided Into two parts, one dealing with a method of producing a 
stream of water droplets of uniform 3ize in n r;i d tunnel, and a 
second part dealing with the development of a device for det'rmini . : 
the location of the sir -am of droplets. Both ;artg of the problen 
are discussed in detail, ^hatches of equipment, circuit schcaatics, 

'• nd uhotorra^hs of p-qui-v* *nt are included. 

It is concluded that the hot wire a no: nonet r and the wut r drop- 
let generator developed in this investigation provide a suitable mans 
for experimentally determining the tr ject iry of a stream of water 
droplets in' the riotv about a body, at the air velocities used in the 
study. Air velocities up to 100 fpa were used, and no difficulty was 
anticipated at higher velocities . 

Possible alter iato methods for determining the droplot trajuctori a 
are discussed, and thoir obvious disadvantages pointed out. 

The experimental results obtained in cheeking an- lytically determine 
trajectories of droplets In the flow about a ri 'ht circular cylinder ora 
given and the significance of the results discussed. 
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;.?J PT oTIl.-Tl'.H OF J imJRir: T.JL. TKCir :.T .US FCR 
DETER :r:TFG TMF TPp, JECT' RY ,F A WATER DRC. LET IN AN AIRSTREAj.' 

E^ECJTX.-iqt.i 

In designing an anti-icing or de-icing system for an uircraft, the 
desi.mor msi- provide sufficient capacity in the system to give the nec- 
essary Protection to ‘■he nircroft. one parameter of import.- lCq in the 
do si n is, qiute laturally, the size of the are to he protected, and a 
seca d purameti r is, the mount of protectiorf to be 4 iven to those pro- 
tect d r.roat. 

The early types of wing de-icers were tho rubber "inflatable-shoe" 
type, which is alternately infl tod a id deflated to crack the ice do teat 
the airitream could blow it off the wins. This type of icing orotection 
system is practically obsolete find will not be considered in this report. 

The later types of ice Protection systems are the thermal . rctectiou 
Systems, in which neat is supplind to if rreus to be protected by one of 
several methods. In this type of icing protection system, the capacity 
of tiie system ia, more intim t.;ly associated with the size cf the protected 
aroa nd the amount of -rotoction to be provided than in tne i if latable- 
ahoe type. In the, tuerz*. 1 s/sta.., ^he amount r f heat re^uirsd for protec- 
tion of a 'iv.m .rea ia air#etl> r v 1 tod to the amount of ice bei g tccuuu- 
lated on the airplane. 

it is the detertuin.it ion of the amount of ice to be occumuloted, ir the 
icing rate, that leads us to tho problem of detersalnii y the trajectory f 
a water droplet in the airflow about a body. 

Let us first consider a ri -ht circular cylinder placet transv rsc.to 
an airstrean containing viator drorlets. The water droplets have r - much 
higher imss than the surro 'nd' nc- ' ir, nd therefore, will net follow the 
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REPRESENTATIVE TRAJECTORIES 
ABOUT A CYLINDER 



FIG. I 
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the strf'fitili les ar-und the body, but will foiled • o:« iJ>t less crvel 

path. This is shown in Figure J. . It is seen that for some initi- 1 dis- 
placement, y^, f;rom tije x r.xi P t the dro let trajectory will he tr-nf*rut 
to the cylinder. Those dro 'lets having initial displacements less th n 
will impinge on the cylinder and those having initial uis 1’- can- nts 
greater then y 1 will ni-'S the cylinder completely, dlenrly then, all of 
the dro - Into included in the "rojected front- 1 area of the cylinder do 
not impinge on the cylinder, and only those within the limiting trajector- 
ies contribute to +v >e icing rate. 

The problem then is to determine these limiting trajectories from which 
the icing rate may be predicted. For simple shapes where the equation.:, of • 
the streamlines nre well known, the tr' jectori; s may be co. .puted by steo- 
wiso integration, graphically, or by a differential analyzer. The trajector- 
ies about a cylinder wire first calculated by Albrecht^-, for the cone of 
Stokes* La v regime (Gj^Rp/24 = 1). Later* Lang: ,iir t nd -LLodnstt 2 calculated 
trajectories' about a cylinder for the c se where varies with , a differ- 
ential onalyzor being used to generate the solutionr. 

T’-o .gmuir-Blod ett trajectories were co; nuted as follows: 3 

Let T a = compoir nts of J ir velocity in the x end y directions 
respectively. 

u d v d = Jornpononta -f droplet velocities in the x and y direction.' 
respectively . 

Then (u.*.- iX S) ) (&*.— =. components of the relative drowlet 

velocity, •. . 
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The relative velocity of the droplet with respect to the oirstrean :ives 
rise to drag force i 



F* - j; %’ r70 - x c ° p (ua - 
F tf=jr S a ' rT " a 1 C 0 P(^->'i) 



where a - droplet radius 



C Q o dr'.g coeffici- lit 
f - sir density 



These drag forces give rise to accelerations according to hewtons* second 



law 



F * 



rrr\ cu - 



jud 

dt 
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v, hare ^ - droplet density. 

Equating these forces gives 



3 fa P(U,<l-U.<^ 

TT = s Td K ° 



d tv 6 3 fa "p ^ATa - ^<4^ r 

ir-sir — a — c ° 



The droplet trajectory is obtained by integrating the following equaticoa 



simultaneously ; 

t*-M gl/r 
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The first integration ^ives the droplet velocity and the second 
integration gives the droplet displacement. To simplify the computations 
the above equations are made dim' nsionless ms follows: 




where a = air viscosity 

C - characteristic length in flow field (cylinder 
radius) 

U = free stream velocity 




As stated ’--roviously, these integrations must be accomplished by 
stepvisa methods, graphically, or by a differential -.a lz^z* r. This is 
necessa'-v since is a function of and usually Ua/7 and v a /U are 
rather conclieated functions of nosition in the flow fi.„ld. 

From the above discussion it is ap aront that determining the tra- 
jectories for even f-he simplest of ah pes i3 puite involved nd tedious 
if approached from the utv.lytical standi cint. Langnuir and ->lod .ott^ -.Iso 
com: uted the tra lectori '3 about a sphere and a ribbon placed normal to the 
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airstream by much the same methods used for the cylinder. 

The trajectories for airfoils have been investigated by a numb.r of 
workers 1 the field*’ 5 * 6 , most of whom use numerical and grerhical 
methods that are long and tedious, oince tha streamline pattern for most 
commonly used airfoils ic well known, the problem can be approached analyii* 
cally, as the velocities at each point in the flow c n be dr t o ranine d. 

In the case of an arbitrary shape for which the streamline pattorn is 
not known or cannot be computed, the icing rate cannot be predicted f rcxv 
an analytical treatment. This is, in. general, true for tbroe dimensional 
flows not possessing axial symmetry. One might also want to know, for 
exarrnlc, the icing rn.te on a radar dome or droppable fiml tank ;jhich is to 
be fitted to an airplane. In these cases one must resort to extrapolating ds 
from other similar shapes, or ;;o to some experimental method of deter, i liig 
the limiting tra jectori. s from vdiich an icing rate mi, hf ho predict'd. 

It is the purpose of this investigation tc evaluate, u exju^imcntal 
technique for determining the trajectories. 
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SEC7IC " I 



GETTERAL C OV "i I D FRA.T I Of 13 ITT 3KLECTIJIG THE EXFER E®mi TECHl'I^lIE 

Preliminary discussions of various experimental techniques for deter- 
mining water droplet trajectories in the flow about a bodv led to the 
selection of a technique involvir : the use of actual wat >r droplets, "*nd 
the development of u dovice for detecting their location in a si de two 
dimensional flow in a wi d tunnel. Other techni iues considered will be 
mentioned at the end of this report. 

The trajectory problem, as aoproachod herein, divides itself q ite 
nicely into two parts. die first part involves finding a net hod of produc- 
ing the droplets, and the second -rh involves fjhdiug a method of detect i-' 
their location in th r ' 'lev* TPvjh p ~*t of the pro .ill . co sid red bv 

itself in s " ip» rat* section. 

u a wind tunnel st idy of t! is sort, it in desir.-Vle to h.v a strfma s 
free of turbulence s vosf ibloffso that a stable flow t.j& / he used, fh 9 tun T ol 
used in this study waG acquired from a previous project 7 and was reported to 
have a turbulence level of the order of 1/2 This was considered satisfac 1 ’- 
ory for the nor!: to be undertaken and no sped; 1 attempts if ro i.jadc to improve 
the s^abilit of the flow. 7 e availability of this e jUipmont also influ* nco* 
the S( lection of the techni iue to be used. 1 
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SOT'?TSKETICn OF ,v DROPLET CEITT]3UT0R 

T^ore in a considerable amount of information available on methods 
for oroducinu droplets of small disinter. However, most of these methods 
are used for the production of very larpe numbers of droplets, such ns 
the saturation of a larye volume of air, foz generators, etc. .-.s for a3 
can be determined frcn the literature, Dinnock® has done the only work 
with the production of a sinrlo stream of droplets which might be aupllc- 
able to the present problem. 

Ideally, what was desired in this study was a stream of droplets of 
uniform size, proceeding simple file down the wind tunnel, and it was felt 
that the method of producing such a droplet stream that held the most 
promise was that of a vibrntiup capillary. 

In this system a mLass tube is heated until plastic and then pulled 
apart to form a fine capillar?/ tube. The capillary can be made as small 
as desired and usually the tube is pulled apart until the filament breaks. 
The capillary can then be broken off at the desired size, or broken off 
bit by bit until the desired droplet size is obtained. Generally, the hole 
in the tubing will carry on down to the smallest capillary that can be 
pulled, without sealing itself off. 

Tt was found in the study that pyrex s-ljvss tubing wit’- 1 .'im wall thic. 
.ness to >ded to fnti<nie puite rapidly with the vibrating system used, and 
breakage was puite v i “h. Much more nut ir factory result' were obtained vrith 
thic'- walled lass tubing, but considerably .ore c:re was required in the 
drawin, process to avoid overheatin’ and the resultant senliu- off of tie 
hole. Tub in - of approximately ^ inch C.H. and 1/10 inch wall thickness 
was used. 
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?j,e $ctxicl production of the drorlets is accomplished by nr plyi'.'* 
fluid to the tube and vibrating the capillary tip. T) is method of taking 
droplet r is quite well known and the various -"e 2 >orts of its use seem to 
differ only in the net hod of vibrating the capillary tip. 

iJinmock 0 produced vibrations by waxing n piece of steel hypodermic 
needle on the capillary and placin' the tip in a. alt e mat in r electrical 
field. This was considered impractical far wind tunnel use, where the 
vibrations i^rere desired in the plane of the flow. Vonnegut and Neubauer 9 
nroduced oscillations by applying an air jet to the capillary tip. In this 
case the tip describes an involved path, giving off a strean of droplets 
at each -noint in the path where the acceleration reaches sufficient mag- 
nitude. The droplets within each stream are quite uniform in size, but the 
size varies from stream to stream. This method was also considered imprac- 
tical for wind tunnel use. 

The method finally selected involved the application of an oscillatory 
force to the ;lu.ss tube at a frequency which would induce a vibration in the 
tip. This was done by means of a modified, heavy duty, radio speaker. The 
speaker was the permanent ,na,qnet type, and the speaker cone was removed, 
an alur-inu: fixture was attached to the sleeve which ordinarily supports 
the cone, and this fixture extended aoproxi.mately six inches from the 
original Sneaker cone base. The outer end of the fixture was built so that 
it could be securely clamped to a glass tube. To provide additional support 
for the fixture, « three wire suspension system attached to the speaker 
fr;ne supports the fixture at its midpoint, The general construction of 
thi3 apparatus is shown in . i./ure 2. 

"'o produce the oscillatory force, a signal of the desired frequency 
is taken from an audio oscillator, amplified by a 25 watt audio amplifier, 
and fed to the speaker. 
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DROPLET GENERATOR CONSTRUCTION 




TUBE 



DROPLET GENERATOR SCHEMATIC 



FIG. 3 
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.■■3 .-luu-a tube is ri -idly "'tp? ortc-t by .lodifiad labor tory test tabe 



cluairi It «j point above the speaker attro.bsifi'n* . O ' ia arm-vjonejat , shown in 
Figure 3, gives the •'lass tube the oh?J’acte-" lathes oh cantilever been wit! 
a* oscill tory force npr.lied close to t^e built in end. 

* for the vibrational characteristics of the tube, it was found that 
v/ith a tube a ^proxinately 12 inches long the ihmdr* mental frequency was about 
6C cps and the ertire tube vibrated in the first node, nplitudes of vibration 
of the tip of §s much. us 1 inch were observed, The higher harmonies gave 
proportionately lower amplitudes at the tip, until at about 7000 cps the 
vibrations ivere not visually discemable. ’"ith quite Ion- capillary tins, 
the tip itself acts as a bean witl an end fixity less then unity, nr>4 as 
nany as four nodes were observed in the tip. Thin situation was e morally 
undesirable a it led very uic’aLy tc the break In; off, of about ^ inch of 
the ti . 
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rr-.r- r Tr- ^pr-T 'iT 1 . r ' 

It iw3 been 'review ly grafind t’ at ‘ c o tl lr» the ’'O' 1 ' . of 

the dro let • : > ‘rat ,r ’7a?. o f. . ;> le of re • • ' ' a mre of dro - 

l-Hs i-ocoedift-’' sit;!) file dnvn* 1 o <1 tWi ,el . ' coific ' r,,| l ■ 

.,ot cbinvod, but it i» folt. t i t l c t'sfic 1 rv cg*' rofli.i*' w:.o retched 
til lit the inv'ce could be uar'd r s intended. 

In i* tally, it was e.r ''t fi. that ti > copillary tip fi'-’lli of eill'tVi 2Te 
the pi- 'ie of tie a lied o^illator” fcjjfe* , emao illicit it\ th*. 1 ie of 
flo.;; *ro Tactile one dr^rlot lu.ntr am a.id ohe dro let dn.’fjtr ■ r e dro;- 

let project d upstr’cu cmild b draws off and ioif allowed to eT*er t * t» * 
s ctio-', loavin. rjlv -bo cfciwns+r- a «• *•!«$ of drool i to t-h^ to?t 

’ ctio . 






l T’i’ie -v /i'll +■ r ■(**a lot -it*. t--»r shomd *..• .< at tc'. low* p fre i* - 

a i r u e ti*> v-' 1 ' d oseilln in - 1 <i, but bcc ■ • f e - I s • do f i a 

o;-.nilln* ion, i’.e dro ilfli • r ‘bro - ? ' t .nil • +c * tcriur ta' . -1 i® i 

r<*# '1* d ii a rt-rtical r. r -ad of t e d”C’ 1 t at"® s a - ’d led tc t'° i ve& . - 
tirr of ii »'*r tVe • ■ ci s. 

t frr.i le ’’iee bovs 2000 r. , e, i w a fo ' id f r ' di - o le^ li ft 

t> ti in a ..crim al 1 \e, but that b*b v-cillut ior «u. . no lo • - r !• *• *'h 

is tft olieve - ’ to bo 7 us'd by tb . ' \ ill v~ ti" • If cti ■ ’ ■ 
wit:. 3 : oed f |-,U - Irr.t fit u it •, .0 MBTvlii v f ’ li.~ rn :<■ 

oacilla ir •. 1 g r ” 1 ” Lite i c old lot be ue : i ;l.l- T trie. • o < *j ' 

aftor * :* li j i ''aiders y •re tr - i.tted dot v * l«os J • hr* * l'-n 

t: ir 1 ' 1 r ch r- cter, ,<d t s r° ' ''it . 't oaoillatia ’uv ra off dro 1» ' *11 

direction., fhic r ■ l 4 -ed i a till l 1 u" r of -”c li.t i(- t*-e t&at ^ 

ibe v rtie.'l 3 ; r ad b* ii. cm., d -s' th- >c d^o .1 t i ’ t i li ‘ 'oNeted * ' u rf- -w. 
i> *i!',r tiirtt'd ■ ch '.v 'rjtretU3, and einr turn 1 fj') 4 ' rf ti»f o 1 '! but'ul 1 'e ii 
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the vrrceas. Ihe urosl-- i i r • v.'i »• da leas tn®' 1/2 9 a-., x,i t i c’ r— 
uns:, and t i3 .;ae f It tn -e adc ;»+,«*’ l . 

r - ,e droplet si: e dec red was • -rbitr 1 r: ] y c or i - ’ + ' feeler-.- 

beir.f that the troubles, involved in te p|!.«dy Juef; 1 on of v i*y s® 11 
rot ' ?ts { JLC^ut* if t rove > d’uly Lot arsorae, "nd that t e U -^ir- 
lod~ r tt J l& >a ijas a ' liooble to dro ihtc of 'oO/i in di t r. 

T" e :e J rod used to ear’ro + he dronlet si 2*7 in t’ is irvos'-i -jtioi 
was devices by r. dr- ce ’ s of ‘ ip ".or torch » a ad is b nd ;<• 

i flay :xethod3 used by oh" er i vesi i *atcrc . Tre o; .od co f - r- 

1 -r a thin layer of 2 *stcr 1 i“to a 9 ri dial, t.d crv&rvr' tn-? ~ojt rr 
oil wit. a 1 vor of co~- Tcicl ^yio., . Pe dwpleto r: allow-' to fall 
i to the dish, oud Pie <14 M is t *1 placed in a nhoto.aicro rr d for cx - 
i nation. ?he Xvlenc "as r, sich lor v visep*if r and a m . lc\w 

srecifi- -revity than eater, /. y a r’.r<cl.- ta will fall ti ran t ft. .r/1.. e 

cori to l** _.t ot t 'o 1 f.t or ail *t„d r im ir i. s 1 -icGl in a »a* e. * q. 

dronlots, v ■!"•, covered nil*. h-le-e, hav: little ten., ic*' -o orlc c , ev- 
though t x>y ' '.’con. ta mir.t to one > .Lotto r, ■> ure 4 is a . 1 otorioro r* ?; n£ 1 
reru-csr ntative s-supls of the dro;:l f ■. It ar ratif-x-,; to fi d 6 'sit l e 
droplets were jUite u iforr- i 1 i/e, :i*d s'*- ci lly t at tL>rr<' w- r .0 v ■-/ 

lar^e di’onl 'ts i^sjnt, r s i* usually the cane with spray toz,.l" . 

The nri-i-i 1 isedva nx e rf tiio c -tor nil-7: • l -e • ' 1 od of c to 
tie dro lets is t . at. it 0 rot <3 ted far 1 ® in «o ' ir^^r—' Vc the 
Xylene blows out of the dish, i-wever, tn >re -re net. ods of c tc • dec ■— 
leta i an nirstr. a-, uai • k- .'lied slide. \e i ell f :.l Co- : n * v n*« 

•n oil unde- the trrde auKe of I - rax ^250, which is well suit rd for t 1 is - ,r- 
ose. Its rj; cfpHl disudva + a 0 is Uu t #.l® dro 'le 1- ': ev.a or f r. ‘idi , 
isi-iup - otc ,ra i-y .site difficult, h r h r athod is to no."'- a la-s slide 
witn ..oatt-d netr^louv . lip and i. co it r e btr dro l'ts .re 
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REPRESENTATIVE DROPLET SAMPLE 
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” ' tic iu .* 1 I •lie.. 

; cil mr [V . f lir e- 1 . lzh i.- cn.-~.-i ud c - re 
of ■ SOSSt^W r, ’ i-'- a - *TJd t.i.c i- . .-.-t-.c , » 1 I'&af- 

“ j - '■ '30/1. x ! e ” - s .0 -o.-rn 'iea at *, ,:n e , tto 

,r3ed ' •' ’ » r " J ' ' 1 4*1 '3 Gt till rid •• •; tive ■ t dro 

loo-ntive - to 'Uj,. -i.;. 'S ;*r yuo rint , n U i'*i arc 4. 

3 or-e a. -ear tc fen t v ree r .jet; -s 3a :L = drcnl 't - »t-.r t *if & 

t I i-0. - v . - * r (kj t .e f' r ... c- . r -iild/ia. , ( J S : - v f 

t v e ca ullerr, nd (S) Vie -dros it. tie ,<y It tk eo**, t..e first ti?i ro 
V- .ore i -ta /, -d ivl • -ire- c.-ilW* V- ,lro lc- siz ir y-.r 
v; ai'.ive - c a~all freq-i-wy C ha -s i, V. ■> vici it- of * -ir mic fro ,c-cv 

OT ..o M* . t’i -o d r.+ ./{•" it j ir-v > ntic of t’^o effect of nc' of 

ti ."a ' r. ■ re. 

$ s .'OrtR.i* rchlft c :-rei L ti e e*. of t, c >.ro 1. t > - r . . r 

• -V t;,c. r rr^’.ilii ■ the cat. v t f - , Ci - ■• e f 3 -. c l; : 

- jC > 1f; ' if'- "t'm a-- a C-n i . , e fCfdct of t .1 - see r^ ,.c: • 

^ v 1 ; c- •• - rl V.r d-o 1-t 1,' r, T? 1c :: S .* >t 

r 1 ■ • ” £ rjt! 'd *"cr • ■ ■ ll^ u ex cr r r 4 r. ;i ilna* .re 1 ! V —e 

K * •* a >lv-ad it \ v coat in/ i u . -tel e yf t'ie cat lit r i*» r 

eettir t. ^ is m~ tried wi h t mciUcvi • ca il : •, .riri Ufc»* 

buocoe.-. ? € •••av ■ v?ndcl mt ewr.rl > -? o iids- ef th j t , u . ,. aT 

; yi v r?-.:;ed, i :T *^ 0 *ad » or»a« nr ,• -ii ratioa ,,1;art u. .. \?x'i ■ 

i'OTWJVrr, that .fie '.> i a-. ■lied fr ,.uo cf -aj o::-ctly c .. 1 to . v u:c 

froqiH sn$ r f *Le ti, ^ -at tkr ojv.vl: + - eutsi^e of + ,mg . 

resent, te wV.tr a? - -iiv v T ici .-.t acc.:3 j-a^ v, t r , c 

1 i ' to *y re -eet 3 fcat-: tip .-.r<~ r - . 
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or: r fop loc • , rn w.<£T ?.t "p : 

I:, disoussi >.r the possible methods for tfi'cti ." t e location of t\o 
droplet otroa: , it was f - It that visual • juans were i '-rac + io 1, otc*ra. hie 
.leans hold sor-e vronise, and that a ot wire ano::owet r war the r.oft pro. i - 

Tie deal n a d use of the ot wire anemometer is .uito well h-.nwr in th - 
field of velocity < wd turhuleoc : aeasurerients, * * ^ ' ' md the sene po/. r- 

al ideas apply to the ''rohlen of detecting the location of u d~o"let str a. . 

Tse operation of a ot wire aneir-onoter is based on t. e c' w.;o in electric 1 

s 

resistance with chrr e ii tiuip- rrwure of u thin wire. The ;.»asjr c of this 
cixuUre in resistance with t r ,per fur* is called the f eral coefficient of 
resistivity and is xpress'-d. io ohr..r or obt; er depone 0, Of the ^te^itls 
suited for use in a hot ;rir device, finite -..n? oho -en for f’ in i veoti .t c”, 
and as a Wit or tare coeffici* r t f reniutivif- of .00 oir ./ohi/de~r oe 1. 

El ctrolytic iroi has a ’ii fixer + hom;-l coefficie t then tuw.it'. , hut ro-ld 
res t corrosion problems when used with *»i store I'rewrt ami its availability 
as a s all dia..:e+rr v/iro is u. cert^i . 

Ir this st”dy it wera rowsetl to uace tl'o hot wire iw the ;;i. d tunnel 
test sectic. in 3”c’i a u oner fat. it cw.ld he cved about. ^ien, when the 
hot -fire was bein, str>c]c by the ws 4 - *r dro l.*ts, ' o wir ; vo Id he o oled 
«<•'?. its rea sta.ee lowered. Zh<- lovo-w re si .it a cn <f ihe ’ ot i.iro wo .Id 
cause a ch •: e i.i : iho cur - '*'' it i i the circuit, ffir.d s' is f n_,a i. 'wurreyt 
would bo an i.wlicati n that t e ..We c-n.3 in 4he droplet street . 

success of the w* - .od ootlin d above do '-ndr to a Tr ’ -y r i 1 exte 1 t 
or. the relt ive va nitvdes of the ef? ct of thw tun: .el tur 1 ' ll? net and t. e 
effect of the water drowfts on the wire. It ret he borne in mind that 
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alt How' . the velocity shifts due to turbulence .re u relntivel- .11 
percent ge of the total velocity, they affect : nub. 1 ; large portion of 
the wire than ft. 50a water droplet would. This result;., it was found, in 
the effect of the turbulence bein': considerably 'renter than the effect 
of the droplet stream. This fact was not appreciated ia the early stages 
of the investigation and resulted in 3one faulty assumptions concerning 
the hot wire anemometer. For exanrle , it was a a dried that -»ince the water 
droplet would be nuc v colder thou the hot wire, it would have a sizeable 
effect on the wire in changing its resistance. Tills aasirmtion nerlected 
t v e fact tl ! t, for oxamle, with a hot wire £ inch Ion", a dr o’. let of 50/H 
disrxtor is only 0.39^ of the lengt' of the wire. 

Based on this assumption , it w 3 felt that the hot wire '■ non 1 one ter 
would not need to be as sensitive or elaborate as those used in turbulence 
worh, md rel'tively simple circuit devised. I tl is circuit, the 
CA ’ r -' e irx r ‘ urrent due to the c 3 -e ii hot arc reai- Imnce was displayed 
o ■ C" th.odc— ’ ay oscilloscope . This -yah cm worked well in 3 + ill ir, but 
when ; 1 jeed in the wind tunnel the turbulence effects complete!” r.bcd 
the effect of the drcnlets. 

further con-ider tion of the rob lew. 1 1 tn the conclusion t'.^t it 
Wli.f.ht be possible to inte trite out the effect of the turbulence, since 
over . period of tine t-e turbulence would be as veuen positive as it would 
negative and the tl.je integral would be zero. In contrast to to is, the 
droplets produce * unidirectional effect which wo ’old be cumulative in the 
integrati . ■, :roc^33ii 

T'e circuit selected wn essentially a heat tone Bridge circuit, 
where the lot wire i~ one le - of tJ e hr id >9 and the ch re in current in 
the hot wire unbalances the bridge. Thi3 unbalance is amplified and 
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displayed on ■ nicroammeter. Fimre 5 is c schematic of the bridge and 
amplifier circuits, and Figure £ i3 a phot ograph of the bridge and amp- 
lifier e.uiunent. The amplifier circuit, suggested by Dr. R. B. T .‘orris on 
and hr. Henry Hicks of the Combust ion Laboratory, Engineering Research 
Institute, uses a 6S1T7 electron tube as on amplifier. The 6-X!7 has a rain, 
of 20, and anueared to ^ive better results than either the 6n.S7 or G -L7 
tubes, both of which were tried. The two VR150 tubes shown are used to 
stabilise the S*" voltage, and are connected in series to give a B*" voltage 
of 300 volts. J.1 resistors shown have power ratings of 10 watts or more. 

The hot wire assembly is shown in Fi pure 7. The assembly is mounted 
on a heavy iron ba3e for stability, and a micrometer is used to position 
the hot wire vertically. A travel of 5 cm is available with the micrometer, 
and scale readings of 10“ 3 cm are possible. Tie horizontal positioning is 
accomplished manually by moving the entire hot wire assembly on its base 
to the desired position. 

7*116 arms of the hot wire nrobe are made of 1/15 inch welding rod, and 
t v e .001 inch tungsten wire is fartened across the tins of the arms. The .001 
incl wire was chosen because it hae sufficient strength to withstand the 
impact of the droplets, Is -not too difficult to worJ: with, and r-c available. 
A snrller size tungsten wire (.0003 inch diameter) was tried but proved to 
have little tensile strength and was difficult to work with . Tungsten wire 
cannot be soft soldered directly and another . ie"ns must be used to fasten 
it to the probe. 3crne workers 7 have copper latod the tips of the tungsten 
wire and then soft soldered it is Dla.ee . . somewhat slimier method wns used 
in this investigation, wherein a thin ooatin;- of silver solder is tinned on 
the tips of the arms of the probo. Then, while the silver solder is still 
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FIG. 5 
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HOT WIRE ASSEMBLY 
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lolten, the ♦uu’stQn wire is placed aerors the tips co that i; inftedr itsolf 
in the silver solder, and is held secure Ip in place when the silver solder 
burdens. 

It is not clear Whether the silver solder 'ind tungsten actually forn 
a bond or whether the tungsten is only cast into the silver "older. In any 
event, the electrical band was, without exception, very rood and the sinolic- 
ity of the procedure ’node it very attractive, he use of induction heat in;' 
end the precision eq.uia.nQnt usually found in electron tube 1* bor^t cries 
would provide a somewhat no.’ ter joint, but wre not readily avail ble. 



2S 



v * V? * ?• 



• r ' 






The object ive of the hot wire ■ ,’e-jo^eter e ui'-nent i.' 'jo °.ccur r .tol: 
est blish the norition of strom-' o r dronlets rel tive to sane fixed 
la tun . It thi r inveJtijpjtian u hori^oat 1 flvt pl'*te Tositiourd bene, ih 
tie wind -funnel teat section for use • roferer.ee Ie hot wire 

assembly, on its base, re^ta on this 'late, lie 1 te - is o.iec .ed for fl t- 
ness and fomr to be satisfactory, and wan .-out ted i;> - level Tositior. 

For this investigation it war decide to nount ^>e odel horizontally , 
and the measurement desired m-s the vertic .1 dis 1 cement of the droplet 
stream from a horizontal, lon*itudin.l axis throng the center of the - odrl, 
By referring the r.odel position to V *> flat plate, ..oteuranent s could be 
made of t'a heipht of the droplet 3trcom clave the fl t, late wi'-h the hot 
wire e ailment . C1 his neasu rernent could then be translated into n vertic 1 
displace rent from the reference axis. 

— p 'is© of the Cheat store Bridge md ai^'llfier circ 1 it 01 ms rel 1 tiv r 
s iraplc , once the circuit wr.s understood. r l,o first ate , with the ote- 
recirten.ee in and t v e water di «- connected from the fcrit.-r- circuit, w*n + o 
■activate the umolifier circuit b^ aadyiny 6 volts ( 0 or r )0) to the heater 
of the f 7, nad then avplrir. - the B* v«l/i r> of r r. voli to the pin tel 
of t!ie A ibe. it’: tv/o Tr Bl-10 t ibes in ceric,-, it ia 'lec ' w to ^p-ly r yn: - 
Lop tel- 320 volte to the circuit to fire thb 7T fiber, v.1 obt in -opul.t*--. 
300 volts on the plates of the tube, r lied voltu'.:« coulu then ho 
reduced to about 310 volts, at wMcl rol+ ;e the tube dret? >* c ! irren+- of 
about 30 i llian-more 3. burin -’ho wm-ru eriod of the + ’f'c conrtf.ot -t+e - 
tior. to the meter resdin* w*a ro mired in order t© hoen the Lie ter 
on scale. ‘ ith the meter disconnected fro": r e b-id~e circui*, t* e ;eter 
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■ i' llo< b; wc .rtcr ■ pis rt £1 T on t* t 

-..-•I if'ior circuit of . i_^C 'll id 73 r« : -v.« s • 1 i. - '.11' 1 , £1 

_ V/ln .o :■ ■■■ cart: : >>d 1- •. f*i o 'at:/ ' vr nta • '.crrlcr- 

oofrol J .’ - sr'rrcn 4 - in tl <. "1 e ci ‘c .1 to t t ■ ... :V-.’ n C litv* ie 

aero, ;)io currcat>t in nnc\ le * o" t hr 1 !o hireui* tc c u J. .'’tar tie 
tube o’-er.t ion 3jjfe.fi stabilized and t* « • :atni" r-’VU’v reSuafd to ' ~ro b'» 
ie nr of the *>otc*itiO"»'to~v Tfll ..’id 731 , inn «J,OO0 oi (*ter «*>. • -t?.'? 
can bn cut out of t‘io circuit, and aotsr roaai ; .1 rod .c -c. to 

zero. T v ir 1 r .vi:i ■ b»". dons, t‘ o u->lifisr c ire .. i " is real’ for a? . 

o -:ako "end” ih * brid -e sire'. it, * bo CArreut t'*i>oii2 tiie bridge ifl 
adjusted to the desired value by oaaa of the -o 'Urilor ~ rrar 

O' 1 thii if} volt hut i'ur" mir It, t i; ct.o; 'n ~ Iron vit the i r in 

no" ■* tioi i i ' v, o vv.l *• 1 rel, vd r'unl ^ir " . " .* o- r o 4 ' curr^n 4 - 

' t' rv rf ' iff '?*!'•'' id ' n > thn 1 1 of o T» rr , i t’ r WO.^'T 

i bo ft 4 - d^-'or^ir - by 4 rial ' * ~*jr. >,r .yr-o- " , oent of 

•I ■ Trent ' * n o>_3 idf-rn'l ' 2 > hn t’ . t c irrn - rV io ’ill 1 g* t c ■‘-■’n ntrtti vn’”r 

4« 5”y- '-slow -vl ’ - t, r -' r» ■ ‘’o' •; -h i if -=- x ‘ ire vt . -allow 

'<• ”f* s’ ■ r ' 'rut, tic r. •••' <* • ■ _ro 07.1 • • - : - -1 , hi: 

O' ■ tom it r " 1 — rr' "To • »e o . rat o£ x h» ■ ■ , T : v icl 

: e. ■*■ « surra* -+ <‘e witf, i-.' i • ;• hi ov •: o -n " r. - •»> w a! 

‘ho lire, c .. in ' fhvthr.r n- i*i ■ C* , r* *, ' ir *•<■'<; nr oc'C'v-’ r rr viCJ:’ 
t>-t one- i 4 - . d ■ r*t^f x current x ‘ e i ? • :y; soul: o x be vodi .od 

’■■ ■■' ill— & io ' x r rnvs ' ‘ '<r 4 off J - n ■. i r<-. n r ''or t' - 'i + 3f- 

tior # -'ll’' fl <tod "ire r» n hr> i o.' , ’h'u : ad 1 ; it - i L* ■- ori : ion 

of t ht? fit’- , TJ • . • j-.- 4 - 1 ‘ ■ e*i‘ of" t s s’ ”*r ’ io i s 1 o' 

vine whenever ti e tot wire wsr rc-'-cr-'d fro the t v-ool or *■• e t-ioscl a? ut 
dowr . 
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"• ' in < ' •*hl < '“.I'd t 0 o - ip' t ot wur' , ■' 

lr no nect-ed no the hr id e clrc; ( it ■■ ‘ ©ter re ,dj. -od ictri to :oto by 

adjust in/’ rote tic inter-? IB I and T38, fiyure 3. 70 e~e f»oteptio’.#?toiT are 1. 
coi'.ected in parallel to ,;xvo hot coarse arid fixe control. wJiti' ie nc- 
onsarv ltfaen first connect! - the bridge nrd ht lifter circ.L its to-other, 
heo-itt.se if the hrid -e ia badly unbul^ced, +'-« c irre.nt thro' ! the ;ri er 
_-. r r T>n oxcoreive. ’’’c ..void this, it i. desi^blo to switch i' + h c irtor 
resistance before eon'>ecti-< < ' the two circuit . g n~ addlcio nl precaution 
it ii Jht be well to parallel the 3PST twitch connect i ~ the bridge - d - all 
fder circuits vn th a icraentarr co. .text ewite' so t a to* id -e ]\ 1 ee cold 
be chec ;od without e -draper hi ; the r©+er ,uite no -o' , *> e’ tPe hrid/- .. e 
been bnlnneod to '-ire a sore Meter ro'diu'*, the peter reel 3 * once v ho 
c_’.t out and the hot wire p^enorietor; e 1 i i lent ic re- d', for uor . 

I l usi:i _ tie hot wire unes'e 1 lot er *0 deteriine the verticil 1 .! .ositia 
of the droplet strev in *' e te~t ~ectioo, the ho~igor< 1 yositian of the 
etroai ir first er t’-bli'i v nd by c-onr li;htir- the test sect to.' with -. pi ot ~ 
flood li-J-t n r .d loe v ii™ ijp<^re«i into he twnel fro' tbo end of the diff\— 
eer. Veiny this tec’jii y.ie, t-he aLo.po of the strezn is also deter. 5 ed rud 
fine adjust '.onto can. bo p<\c in the .'idio oscillator fro uenc' to obh '* 
the best dro ‘let atre?r . fho v o A wire stae*ibl; r is t ten rositio-'e^ *iauilly 
so tbit it in in a vertical "lcre wit', the droplet rtrorr*, r.nd t bo hot wire 
ia raided or lowered, by ’seans of the# acroaeter , m til the peter read in'' 
indicates the wire is in the stroau. 'ton ally t r, otnr readio iva* beer 
rd justed to zero with ti ® ’••ot wire out of the stren . Chen nr. the wire 
enters the straon, the ebu. - e ir cv>rre' rJ ‘ C3r:»es the -inter re«di 
increase. It mn fmui t}vt wit’ • tbiu layer of ^rorleta nrd t ..e . orir-ir* 
rei^niscable current i +he ” ot vrire , the lete^ rend in • wo'ld ~o fre i z«ro 






to -»ore t' if' half vcale i r trnversj r t;.e droplet layer. Jno, bp traner/ii’ 
the layer slowly the center of the luver could be deter; ined ' uite accurat- 
ely. This ass’jnes that the distribution of the droplets in the layer is aW' 
that the droplets are concentrated in the center of the lrver. 

It wa3 also found that if the droplet layer lad ary appreciable 
vertical dimension (wore than 1 on) the net or readings were t uite uiireli hie 
and no •'icnsureaent co’ Id bo made of the edye or center of the layer. 

" 1 he 1 ot wire anemone ter circuit as constricted far thin investigation 
vppe r red to dai .p out the caffoetu of tunnel turb T ilenco „ ite satisfactorily , 
do that the turbulence ore sent ed no diff icultier . 

Usto the hot wire clone to c. body i:» the flow required - so:;ev1rt 
different techr.i ,ue than that outlined abjure. -dn'.t be expected, th** 
strea lines close l o a hod;- »re .uite close tootle- 1 ', indicatin' hi -t velo- 
city nnd lento . as the ' ot wire cro’se- the etr^'iliftes. , the r te of cool- 
in- of he .wire c'^nn • 4 ec rapid!-/, vfrJitQh ’ unbalances the bridge circuit in t v e 
&uie manner a^ the droplet stream, vomitin' in s stood’, 7 ' ch:n e in neter 
reedinr. ’o dotoct the droplet strea/’ under there conditions, the wire unt 
be moved slowly so that the discont inuity i!i meter movement due to t 1 e effect 
of the droplet stream I'my be see”. Thir is most readily done by nevinp f e 
wire away from the body so that the velocity is decreasi/ -, 'ivin^ a decrease 
in neter readin; - . -Then when the hot wire enters the stream , the neter re^d- 
in r ' will stabilize or 'ray even increase sliyhtly. ' uri the rbeve nroce^r, 
as the neter readin- reaction + he end of t n e sc-lo, it iu necesf-r" to stc; 

the hot wire noveiyr't, rebalance the bridge circuit to -■’ovo the eter needle 

to the other end of the o lo, cud then ccr tinuo with J tre hot- nire tr.-.verr j. 

It was 1 found that v>hen uite close to .1 +od r , t v it, jrocesr ’ d f o ho noce’- 

ted veyr often, mahin ■ the w* ole 'rocedure .piite todious. 
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wind tunnel used in this investigation wa3 constructed Tor use 
in the spray work of Fledeman and Hansen 7 , and is completely described 
therein. 

. .ir is drawn through the system by a 36 inch Propellair Fan, which 
'drawn COOQ cfm at 1800 HP! , with 1 inch of water pressure dron across the 
fan. Hie fan is powered by a P.eeves Variable opeed Control whose speed may 
be continuously varied from 580 to 2900 FT?', with a max inrun of EHP avail- 
able at 2900. The coupling betv/een the fan and the Reeves unit is effected 
by a twin. Vee bolt pulley system, with a 3:5 pulley ratio to decrease tie 
HP!’ at the fan tc its design maximum speed of 1800 HFt!. 

vir enters the tunnel from a plenum chamber through a bell aouth, into 
a 3 foot s uare, 1 foot lonr settling chamber containing five 40 raeoh screens 
These screens serve to reduce the initial turbulence, i convergent section 
connects the 3 foot s .uare settling chamber with a 1 foot square test sectior 
giving an area reduction of 9 to 1. 

The test section is 3 feet Ion' 1 - and 1 foot square in cross section, 
and is constructed of % inch thick Plexiglass. A rectangular access door 
is provided in the side of the te3t section, and the bottom of the test 
seotion is slotted to "ermit insertion of the hot wire probe. Figure 8 
is a photograph of the tost sectioc . 

A 9 foot long diver nine diffuser made of sheet metal with a wooden 
liner connects the test section with the fan housing. The diffuser is a 
transition section which varies from a 1 foot square at the test section 
to a 36 inch diametor circle at the fan. housing. 

The droplet cane rat or is mounted on the framework of the upstream 
end of the test section, Ficur© 9. Hie -'lass tube enters the top of the 
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tunnel 1 foot upstreari of the test section, at a point where the cross 
sectional area ia just over 1 square foot. 

"he model, a riqht circular cylinder in this cnee, i3 mounted at the 
downstream end of the test section. The cylinder vras mounted eccentrically 
so that it could he rotated about a longitudinal axis, thus chan.-ing its 
vertical -position. 
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"o evaluate the effectiveness of the hot vine anemometer o' uirv.ient 
developed in this invest i v .xtian, the equipment \vu soused to determine the 
trajectory of ?. rntar droplet in the flow about a ri 1 t ci-culer cylinder. 
Che ©mer inert; 1 results were then to be compared with the analytically 
determined tr jectorien of I^n^’miir-Olod-ett 5 . 

^•\o epuinent wua used i-> the n- to ’.'inner . '• described in previou" 
sections. Che vertical displncenont of the droplet stream fro., the ~efe~ence 
onis w - - deter ired at three end of, ' even di. : inters upst^en of ■‘■he cylinder. 

predicted by the Lajj'-vair-^lod pett nat- there vm no discernible chnn.se 
in the initi’l dis-.lnceiaejit between these two *tafior.e. 

"ho second item to be determined vns the n le ft fror the ce-te^ of the 
cylinder t which t, © droplet stream ir.* in~e» on the cylinder. C* i<* ie-«v.re- 
-.ont was 'nde vi ••.ally by observin'- the r ipin yv .ent joint end then 'ion u-ir, * 
the -u-le fror the confer of +io cylinder wit: a nrotr ctor. ince the drop- 
let eder a tor id not produce ■’ single stream of droplets the resulting 
stream covered a small urea on the cylinder rather than tw*'in*iug \t a 
'>oi”.t. This introduces a possibility of error in nunroxiwatin;; the center 
of this isjpin ye.Tont area. 

Table I jives the experimental results obtained, *nd the correa- ending 
trajectory hats from Inu-nuir-b 1 odjett°. ^i-mre 10 i • plot of the dat i 
of Table I. The experlnent.nl data obtained we for a value of V of 1C, 
whereas the closest len j'uin-Blod T3tt 2 data is for a v^luo of K of 10. 

Of 10 cere jnords to • smaller dronlet dimeter, r/ v ich v;ould ..eve tho 
Lanm.uir-' 1 lod-;ett C'upre to the ri; : t, -ivijr- • -rest or spree d ir vMues. 

It. is revn n.-t for the two esse- corsidered, the initial displacements 
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">rj5Pr^i'Ta psoUL^ 

Ccrr vfcatlor. of Conatantc: 

Set. = ..ir Doneity = 2.373 x 10” 3 slues/ft. 3 
* 6 - Or op let Penalty = 1.935 elu^s/ft. 3 
q - Troplet Radius -ZZ/i = 1.15 x 10 -4 ft. 

C - Cylinder Rid .1 ua = 3.72 x 1CT 2 ft. 

U — Free tye.im Telocitv =92 fpe. 

Ma. - ir Viscosity = 3.719 x 10" 7 slu-s/ft.sec. 

D - Xo. - \35 4 / = ^ = 8.38 

v Sa cl 




I 6 



cj> = Ro - ^ * U 30 



Srperinental >ata 



' -1G $=1130 



Initial .ci, -le of 

D isplaconent iTp in :enent 



y - ii. 


-e- - 


,354 


20 


,730 


48 


7U7 


64 


950 


70 


925 


70 



Lan.yiui'’-^lod'-ctt ii^t ; 



-10 

Initial 

Dioplecenent 

7 - ir. 

.10 

.30 

.50 

.70 

.728 



$ - 1100 

.ni^le of 
lnpi. 17 . 0 ne: it 

■e - de 

7,0 

*1.0 
37.7 
0 ? . 6 

7*.l T a n 



'ert 




O CO OvJ 

N! -A ‘lN3W30VldSia WV3H.LS ±3~!d OHO 1VIHNI 



ANGLE OF IMPINGEMENT, 0-DEG. 






! 



are in. uite -oor • V* + - - : t i. or» r -lc o'* the V—ent 

trjectory • 'res'- nit e *«*U i* + e two c iac . 

Tt is felt thrt the mrmn for t, 1 ic 1 Jar.n’gfj lorit In luiti 1 Mop- 
1 .co-nerto -gro t- 'o fold. lrr.t, i t>e cor » tia. of the L-v->iir^lod yett 
trajectories the dr nr* coefficients '..~ed vjore t- o~e detc~ i*ed r T 0 rL- ert JL1 



for larye erhere-. ^-ese dra coeff leiontr. v- hr described a- ".'tend” vte 
dr'.r coeff ic-ie t ■, because t.Xm scores were not ‘*nder ajtf ^er* -ceolor^i iot, 
Co-’T’i+ctiono by Dr. J.»~. ->oed*r.U of tv P i c i - Vror.-cb 0 r o.>-. j^dimte t im% 
the dro let uovJJ oxrerlevce -iccelemt icr<* of fie order of in* rr* 10* 
even on the 1 trait in- tm lector— rjj ere the etr -7 ••t-.-’o of J Vo f mie n +o^ jj 
nrvll. - e - Ildit- of '« te d- et.iV v- coefficient -li 1 * Accel"-. .- 

tionr l~ ■memo-. Me. o deed o o 1 «jt -v- umt’o- -.Wer f- dro let 

'ould re rm c* under* tv *e ecolo-V-ious on srhetv- t‘ vnul i ore’ 1 into 
'■• - Her aortic] 

^.e second source of e-or i < *. - <’ e - ooeff LeVnh of dro* let 

i- ^ fectod V fV. o- tlou cr' tv dre loM of «v .o ■■ion ir to 

labri.c te fo —f ce of t*r. d-*o 1- — Hwl • « : r , a -•>> d-o let Oa 

;Mw lew ‘o H ?ro let f,. too, - o -1- t« v -i .^tnu-el 

V *° not ted V- i- -o' non bio to ,i.y-n tv V dro- tet vnn o. -, 0 -- tiv 



■'"b t the t->r jectori" e • 1 ot.e r ined -e • <unon^ dnidl»r»-L ,vl t\n 

dm - coefficient •- of ova or- tf Vel dro >1 to, -d fou- d *-••- 1 V /iV: - 
Mdnlv vole tile dra let micb nr * oxnr-c fr*>e im * coefficient ■/ - V.ced by 

' f’.ctor of nr iMjob <— lo. 

"’O v °Tifr tlio effect of f’T - >or t i on on o dro*].; t >.Jon-; 0 r*' ic ' 
oeen su'mectod thnt a s-at he . V to t e wt Pr t i reduce >.te ruuor ye ;: c 
Th.e reduction in vapor piwura tr a fs-ictio- of «ie noleoi 1 r v*el . f 0 f 
the salt, and lit’ iun chJLoride i. pufnteotoi d? bei o*q of the 11 ■ i - 



n 7 



nalte. "ice did siot panait coi -7.0a of t-’e trs jecto.*l*a of nn 

aqueous solution of litiliuri chloride, in. on. h z CO;, saturated r cl rr ior 
of lithlun C'loride and rater war orenarod and found to be too v-iscc'’.- to 
flOA 7 tbrou. the capillary tin. sor.e^-at lees sat ’.rated solution a.i'-h t 
be made to flow thresh t v e cnpillnrv , bat difficulty be erperierced 

in obtainin the desired droplet size. 

The lise of another fluid for the dr or lots hue ilso been -estad nfid 
work i® rein; ahead nlor~ t|>i-» line. ’ 7 »i or one of the Jowthern fluids 
currently beinr investigated. n-e inportart rrone^tles of the fluid select- 
ed sre v low vapor pressure end e viscosity ccmarcble wit} tj» t of inter. 
These t vto pronertios do not ordinarily yo tc^ethe*’. 



OP 



r^!c»- r : ii 



The aftyiroact to the Problem of c? vne at ♦ . 1 ly doterviuia t‘ e traj- 
ectory of i water droplet used in this invent i eot ion. has definite drawb* c 1 *? 
which have been brought out is previous section*. " ile tbo irthod - -nd dm 
Kscoeiated o ui "'lent xri.ll rive accent la trajectory d t , there are other 
methods worths of mention. 

first T iethod to be considered is based or a photo r' : ic dete,"- 
nir.f tier- o^ the tr jeetory 4» a two d i-®., ion- 1 flow, tt- v.rr felt th t 
fluorescent dye could be -..pio ! to .he vn ter, • ’’d then hi liri-tia • the 
test section with *ui ultj*- violet Imp, the droplo-hs --rul- ~iyr off ;o~- 
li.^ht. Tt is true that o &C/< droplet - i >ht hire off eo c 11 . 10 t of 

lijht that it oould not be tr cod vir-'uii”, > it a ti# exposure w ^> A 
sensitive fill should si ovi the •’roolet act . uustrrtdlnene ii dhe droul t 
stream would tend to obliterate tJm t.ru* trn joc- L or’- , and the -ethed would 
not be ' ""olicnble to three dire, ■’ion 1 flot/r. 

• noth or netLoi! (that of usih solid Irfcdales tc si 'nl-r 1 s> fe 

droplet ; jj\ r l tr.icin - ILoir In* jeoior*,©*. 1 spheres >i\ y r ~ i’. hlo 
com TCi. 11- in vojt* s-v31 ;ino3 1 - •oi.'iou Iriilar to • .-o* let. 



pane re 


tor d 


GV'jlOpod 


' .era : 


l - l± 


n be \iu a ii 


- i 


rocuee : 


! 5 !"■* t; 


;o 


st. rear-i 


:. ^10 


”*Ob ble 


V 


itr. r*e 


©f -h-'. 


ip v 


0 i 


1: Unit • 1 


L ' 


cf 


l.-.divi 


d’.V . 1 


-roelotf. 


cr*uJ 


jfl oh 


.1 "7d 


t 


: ir 


0-. 


.•“t er . jc 


tiff met 


of file 


r Las 


ere a 


it- 


i. L 


’ e Uot 


wire 


"'OU-Vi roduco 


4»n*l‘j 1 


| • * n»>- 




ii t!n 


n current 


to L 


;iv 


.'die 


t O' : 


ist 


• robl . i .,£ 


s 1 , 


■ r 


vjtiod 


Of loc ti : ti 


<5 t 


re>_. c 


o ij_ • 


: t.i 


V 


•leviuVfi , 







I..,- . thod tc be t.u’ io x> : involve t. e j»;e yf i.-uhir fir*- 
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• -"-il v to tj ,t »Jm. crib? riorcia , t' ov. r difl'crer.'. toe ..icy . tier 
>ic ro -aired. Lo;;o 1 voice i tier *o-i‘u no u^od rd t*ie flow would! bo 
i:ic or.:j re isriblo. 



fie 9 woe 1 Id 

truly 



40 



33 






T'f fi- 

”.o apossalte- o* the invcjcti^tion or ted heroin indie. to that the 

dnfl v’ooci&ted o^ul-nont ’iced are r*5fc inflate*!? f o- t x e deteminu- 
tion of the tm jo^ory of n write- droplet i 1 ci+he" ■ two or throe Jirien- 
e-*or»'--l flow, -in.ee the d-o^lht Ptre^n hers o infinite tbic’oiess, the di"luc- 
e -ant *was’ir?ncnt« cannot be fa ran as rac i lion necvc-jrpuent . 

^o extension o^ the icthod to a three d%enaional flow would involve 
a similar hot wi-e nrobo, counted horizontally, to deter tie the 
1 ori”ont^l displacement of the stream from none reference dat’m. H.e stream 
would have to be as fine nz possible in both Visions ions in this case. 

’’’he writer ’ocs two specific «u» jgeeticno for further invest iy-tio: , 
ni^ad at imv 0 v in- the techniques ’iver in r-'ln ronort. f,e first is in 
invest! -st ion of the dyw_.-rd.c~ of droplet foro*-tio" free" vlbmti: 
r rill in on aintn* c. . In the <jpinnifi~ disc tynp of droplet r 'enerctor 
the ’wit or .lewes t’-»» dire os n fll merit nnd tie* bre h? r to droplets, rr.d 
'ir.noch^ svows - nhcrfc oyrn^h of the water leavin’ t' f vibrntir • e i ihll , ’rr J3 
filament arid thru b-o?.h in- into droplets. It in. believed tjn-t in -,n ; ir- 
stre— with at! cp’reei b3.e velocity', thir moment will not t 0 rm u»d the 
w.'t,or will leave the cut illnry tl • as s droplet, and t‘ -t further invest ip- 
ition lipht indicate wny to oht in - oin.'le stren of ’rorlr+s. 

"’ho second inception ia to invaotirrto furtftor th« nrrlifier aid 
float stone bridge circuits used herein #iftb the ide of irirtrovi^ ■ the 
sennitivi-b' of the hot vd^e to the droplet ctrer-’ ’H decre- - in the 
sedeitivity to turbulenne effects. Ccranutnt ions by hr. T t T e;wr ' ic’tc of the 
C.-y hurt ion Laboratory, Jin dLneorin- hesevrch Institute, indicate that for 
h-eat stone bridge circuit of the ty^e used herein there j- un opt irrtus 
velatiomhifc of the various resistances in the circuit which will produce 
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the •wrimm \"b 1 -r.ce in -» '>^ir>e for * 
of one le~ of the brin-e. Tlin^ co-nn’- tio s indict that for -^oclnum 
ren-itm-r , the rer,iat.mco of — c 1 ' le of the brid.ro should be em!, 

ie "' circuit ^o r 'i ,!, tnnco ■»houii bo ^wice the reriot nee 

O' one le-. ^ did not for 1.t an e:r-er inent.il ve-ifio tion of these 
ccc route tiono. 

T, ’ e nco of hot V7i "° -lactoraeter c •ni-neat i~ comreesible flows 
should -rosart no additional difficult loo other then r-e ;o"sible di .M— 
b- ice of + be flow due to the -'referee of the '-of wire irob-. The resent 
iTi'-tf tunnel used in tMs invo at 1 - 1 1 on would lik.lv he r r too turbulent 
fo" velocities ’iue v jreatev th«m 100 fee. 
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